Between 1961 and 1996, Thailand lost 50-60% of its mangrove forests, mainly due to conversion to shrimp aquaculture. The speed and scale of deforestation has affected many coastal communities. This paper highlights the importance of mangroves to four case study villages. Households depend directly on mangrove forests for fish and wood collection and/or benefit indirectly from the mangroves' support to coastal fisheries. Mangrove loss therefore affects the decision of households to look for outside employment. In response to deforestation, female household members allocate more hours to employment relative to mangrove-dependent activities whereas males will allocate less hours to outside work. Awareness of community conservation efforts and of the environmental damages imposed by shrimp farms also motivates households to participate in replanting activities. Efforts to control mangrove deforestation and promote community-based management of remaining mangrove forests as well as replanting would help to mitigate some of the worst impacts on coastal villages. By developing institutions to support local community management, the Government of Thailand could help avoid excessive mangrove deforestation and conflicts over uses. Such a framework could also provide important lessons in coastal resource management for other countries in Southeast Asia and elsewhere 1
Introduction: Shrimp Farm Expansion and Mangrove Loss in Thailand
The issue of coastal land conversion for commercial shrimp farming is a highly debated and controversial topic in Thailand. Frozen shrimps are a major export product of Thailand, earning more than $1.6 billion each year, and the government has been keen to expand these exports (Barbier and Sathirathai 2004; Tokrisna 1998 ). Yet, expansion of shrimp exports has caused much devastation to Thailand's coastline and has impacted other valuable commercial sectors, such as fisheries.
Thailand's coastline is vast, stretching for 2,815 kilometers (km), of which 1,878 km is on the Gulf of Thailand and 937 km on the Andaman Sea (Indian Ocean) (Kaosaard and Pednekar 1998) . In recent decades, the expansion of intensive shrimp farming in the coastal areas of Southern Thailand has led to rapid conversion of mangroves (Barbier and Sathirathai 2004) . Over 1961-96, Thailand has lost around 20,500 km 2 of mangrove forests, or about 56% of the original area, mainly due to shrimp aquaculture and other coastal developments (Charuppat and Charuppat 1997) . Estimates of the amount of mangrove conversion due to shrimp farming vary, but recent studies suggest that up to 50-65% of Thailand's mangroves have been lost to shrimp farm conversion since 1975 (Aksornkoae and Tokrisna 2004; Charuppat and Charuppat 1997; Dierberg and Kiattisimkul 1996) . The rate of mangrove deforestation slowed in the 1990s, but in the mid-1990s the annual loss was estimated to be around 3,000 ha/year (Sathirathai 1998 ).
Although mangrove conversion for aquaculture began in Thailand as early as 1974, the boom in intensive shrimp farming through mangrove clearing took off in 1985 when the increasing demand for shrimps in Japan pushed up the border-equivalent price to $100 per kilogram (kg) (Barbier and Sathirathai 2004) . For example, from 1981 to 1985 in Thailand, annual shrimp production through aquaculture was around 15 thousand metric tons (KMT), but by 1991 it had risen to over 162 KMT and by 1994 to over 264 KMT (Kaosa-ard and Pednekar 1998) .
Shrimp farm area has expanded from 31,906 ha to 66,027 ha between 1983 and 1996. A more startling figure is the increase in the number of farms during that period, from 3,779 to 21,917. In general, this reflects a rapid shift from more extensive to more small-scale, intensive and highly productive aquaculture systems averaging 2-3 ponds with each pond comprising up to 1 hectare (ha) in size (Goss et al 2001; Kongkeo 1997; Tokrisna 1998 ). However, much of the semi-intensive and intensive shrimp farming in
Thailand is short-term and "unsustainable", i.e. water quality and disease problems mean that yields decline rapidly and farms are routinely abandoned after 5-6 years of production (Dierberg and Kiattisimkul 1996; Flaherty and Karnjanakesorn 1995; Thongrak et al 1997; Tokrisna 1998; Vandergeest et al 1999) .
Although shrimp farm expansion has slowed in recent years, unsustainable production methods and lack of know-how have meant that more expansion still takes place every year simply to replace unproductive and abandoned farms. Estimates of the amount of mangrove conversion due to shrimp farming vary, but recent studies suggest that up to 50-65% of Thailand's mangroves have been lost to shrimp farm conversion since 1975 (Dierberg and Kiattisimkul 1996; Tokrisna 1998) . In provinces close to Bangkok, such as Chanthaburi, mangrove areas have been devastated by shrimp farm developments (Raine 1994 ). More recently, Thailand's shrimp output has been maintained by the expansion of shrimp farming activities to the far Southern and
Eastern parts of the Gulf of Thailand, and across to the Andaman Sea (Indian Ocean)
Coast (Flaherty and Karnjanakesorn 1995; Sathirathai 1998; Vandergeest et al 1999) .
Moreover, conversion of mangroves by shrimp farm is irreversible. Without careful ecosystem restoration and manual replanting efforts, mangroves do not regenerate even in abandoned shrimp farm areas. In Thailand, most of the estimated 11,000 or more hectares (ha) of replanted areas over 1991-95 have occurred on previously unvegetated tidal mudflats . Such "afforestation" efforts have been strongly criticized as being ecologically unsound (Ertemeijer and Lewis 2000; Stevenson et al 1999) . However, more recent efforts at mangrove replanting in Southern Thailand have focused on ecological restoration of mangrove areas destroyed by both legal and illegal shrimp ponds, although the total area restored is very small relative to the natural mangrove forest area that has been converted .
Currently in Thailand there is no legal requirement that shrimp farm owners invest in replanting and restoring mangroves, once farming operations have ceased and the ponds are abandoned.
Shrimp farming does not necessarily have to pose any environmental threat, provided that wastewater from the farm has been treated before being released. In addition, it is possible to design shrimp aquaculture systems in coastal areas that do not involve removal of vegetation and areas naturally fed by tidal conditions. However, the establishment of these farm systems is too expensive for the type of small-scale pond operations found in much of Thailand, which are dependent on highly intensive and untreated systems through rapid conversion of mangrove and coastal resources (Thongrak et al 1997; Tokrisna 1998) . Much of the financial investment in coastal shrimp farms is from wealthy individual investors and business enterprises from outside of the local community (Flaherty and Karnjanakesorn 1995; Goss et al 2000 and .
Although some hiring of local labor occurs, it is reported that many shrimp farm owners in coastal areas have hired Burmese workers as their wage rates are much lower.
Ill-defined property rights have accelerated the rapid conversion of mangroves to shrimp farms in Thailand. Historically, this has been a common problem for all forested areas in Thailand (Feder et al 1988; Feeny 1988 , Feeny 2002 Thomson et al 1992) .
Although the state though the Royal Forestry Department ostensibly owns and controls mangrove areas, in practice they are de facto open access areas onto which anyone can encroach. This has had three impacts on mangrove deforestation attributable to shrimp farms. First, the open access conditions have allowed illegal occupation of mangrove areas for establishing shrimp farms, in response to the rising prices and profits from shrimp aquaculture (Barbier and Sathirathai 2004) . This process has been a frequent occurrence historically on all of Thailand's forest lands, as noted by Feeny (2002) . Second, in Thailand insecure property rights in cleared forest areas have been associated with under-investment in land quality and farm productivity (Feder et al 1987 and 1988; Feeny 1988 and Thomson et al 1992) . The lack of tenure security for shrimp farms in Southern Thailand appears also to be a major factor in the lack of investment in improving productivity and adopting better aquaculture methods, leading to more mangrove areas being cleared than necessary (Barbier and Sathirathai 2004) . Third, several studies have pointed out how open access forest lands in Thailand are more vulnerable to rapid deforestation and conversion to agricultural and other commercial uses as the development of roads and the highway network make these lands more "accessible" (Cropper et al 1999; Feeny 2002 ). Similar problems exist for the open access coastal mangrove areas in Southern Thailand. In particular, the geographical "spread" of shrimp farm expansion and accompanying mangrove deforestation has also proceeded from the more to less accessible areas: initially in the coastal provinces near Bangkok, spreading down the southern Gulf of Thailand Coast towards Malaysia, and more recently beginning on the Andaman Sea (Indian Ocean) Coast (Flaherty and Karnjanakesorn 1995; Raine 1994; Sathirathai 1998; Vandergeest et al 1999) .
Despite the lack of secure property rights and the frequently illegal occupation of mangrove areas, owners have an incentive to register their shrimp farms and converted land with the Department of Fisheries. In doing so, the farms become eligible for the preferential subsidies for key production inputs, such as shrimp larvae, chemicals and machinery, and for preferential commercial loans for land clearing and pond establishment (Tokrisna 1998; Barbier and Sathirathai 2004) . Such subsidies inflate artificially the commercial profitability of shrimp farming, thus leading to more mangrove conversion, even though estimates of the economic returns to shrimp aquaculture in
Thailand suggest that such conversion is not always justified (Sathirathai and Barbier 2001) . Combined with insecure property rights, the subsidies also put further emphasis on shrimp aquaculture as a commercial activity for short-term exploitative financial gains rather than a long-term sustainable activity. In Ban Bang Pat the mangrove forests were first cleared by tin mining concessions.
These activities not only destroyed the forests but also created extensive water pollution in the area. After the prices of the mineral fell drastically coupled with the severe decline of mangroves, the Cabinet resolution on 23 July 1991 abolished tin mining in mangrove forests throughout Thailand. However, the unintended consequence was that the forests became open-access areas and became susceptible for conversion into shrimp farming, which is the current threat to the mangroves near Ban Bang Pat.
There are few remaining large areas of mangroves in Nakhon Si Thammarat
Province. The major cause of the conversion of the mangroves along the east coast of Thailand has been shrimp farming. Historically, commercial shrimp aquaculture was established on the Gulf of Thailand because road access was better than on the Andaman Coast, and the mangrove areas were more easily converted to shrimp ponds (Flaherty and Karnjanakesorn 1995; Raine 1994; Vandergeest et al 1999 In Ban Sam Chong Tai Village in Phang-nga, the local community is very active in the conservation of mangroves. They consider an area of around 60 ha, which is legally owned by the state, as their own community forest. These villagers are smallscale fishermen, who when questioned during our survey, expressed knowledge that their local mangrove areas serve as breeding grounds and fry nurseries for coastal fisheries. In Ban Bang Pat, the local community also participates actively in the replanting of mangroves, but less so than in Ban Sam Chong Tai. The replanting projects in Ban Bang Pat were not initiated originally by the community but by outside non-governmental organizations (NGOs). The situation is similar in the two villages surveyed in Nakhon Si Thammarat where local re-planting schemes were started by NGOs or the Royal Forestry Department.
As noted, the survey of the four villages elicited from households their allocation of male and female labor to their main income-producing and other activities, as well as the key socio-economic characteristics for each household. Information on the employment of male and female labor in work outside of the household also included wage rates and detailed time allocations. In total 201 households were surveyed, although two households reported no direct or indirect income-producing activities that depend on mangroves and were excluded from the sample, leaving a total of 199 households. Of the latter households, 61 reported having at least one male member undertaking outside employment, and 33 have at least one female member participating in paid outside work. Across the entire 199 surveyed households, both male and female household members devote a substantial number of hours each year to mangrove-dependent activities. This is not surprising, given that in the sample mangrove-based income accounts on average for 83% of all household income, with a relatively small deviation across households.
However, mangrove-based activities appear to require more male than female household labor. The exceptions are that females spend more making shrimp paste in Ban Sam Chong Tai and in producing dried fish in Ban Gong Khong. However, as Table   2 indicates, these two activities do not require a considerable amount of labor compared to the other mangrove-dependent activities conducted by the households. In the two Phang-nga villages, households allocate on average almost three times as many male hours to female hours per year to all mangrove-dependent fishing and collection activities. In the Nakhon Si Thammarat villages, the ratio of total male to female hours spent per year on these activities is around 3.7 for Ban Gong Khong and 4.3 for Ban Khlong Khut. On average across all four villages, males spend over three times as many hours on mangrove-dependent activities as females.
In contrast, compared to males on average females spend proportionately much more of their time in outside employment relative to mangrove-based activities. Across all households, the ratio of the average hours in outside employment to hours in all mangrove-based activities ranges from 41% to 74% for females, whereas the ratio for males ranges from 11% to 28%. The difference between male and females is even more striking in comparing average labor allocation rates for only those households However, males clearly receive higher wages for outside work compared to females. For the 32 households whose female members participated in outside employment, the average hourly wage received was 22.8 Baht/hour ($0.57/hour). 1 For the 60 households whose male members participated in outside work, the average hourly wage received was 44.5 Baht/hour ($1.11/hour).
Mangrove Loss and Labor Allocation in the Case Study Villages
The above case study survey of four coastal villages is ideal for analyzing the impacts of mangrove loss on labor allocation decisions in several respects. First, the livelihoods of the surveyed households from these villages clearly depend on the surrounding mangrove ecosystems . Second, although a few households in these four villages also engage in agriculture, the main alternative to mangrovedependent activities is employment as wage earners outside of the household. Thus, any depletion or degradation of local mangrove forests will affect the income earned by villagers from mangrove-dependent activities and influence their decision to participate in and supply labor to outside employment. Finally, as discussed above, the local mangrove systems near these four villages are continually threatened with further depletion.
Utilizing a three-step Heckman selection model, Barbier (2004) estimates the total effect of a change in mangrove area on the supply of labor to outside employment by mangrove-dependent households in the survey. 2 The results are reported in Table 3 in terms of both marginal effects (a one-hectare change in mangrove area) and elasticities (a one-percent change in mangrove area). Two interesting findings emerge from the analysis.
First, both males and females appear to have "backward-bending" supply curves with respect to the number of hours spent in outside employment, implying that higher wages lead to income effects that are greater than the substitution effects. The result is that as males and females receive higher wages for outside employment, the total number of hours that they spend engaged in such work actually declines. Such a negative "own-wage effect" is also found in other household outside employment studies in developing countries (Hernández-Licona 1997; Rosenzweig 1980) , and is consistent with the situation where households receive sufficiently low market wages yet its minimum subjective requirement of income for subsistence cannot be achieved without outside employment. It is very likely that these conditions hold for the mangrovedependent households surveyed in coastal Thailand.
Second, a change in mangrove area may affect the amount of labor supplied to outside employment in two ways: through a direct effect on hours worked and through an indirect impact on hours worked via the wage rate. Table 3 indicates that there is a direct effect of a change in mangrove area on the number hours worked in outside employment for females, but not for males. Instead, mangrove changes influence the labor supplied by males for outside work indirectly through influencing the "own-wage effect" described above and a "cross-wage effect " via female wages. The latter effect indicates the extent to which household males adjust their hours devoted to outside employment as the wage paid to female household members for outside work changes.
Both of these indirect wage effects of changes in mangrove area are therefore shown in Table 3 , and the sum of these two effects equal the total effect of a change in mangrove area on labor supply by males. In contrast, only the own-wage indirect effect is significant in affecting the hours worked in outside jobs by females. As shown in Table   3 , the latter indirect effect plus the direct impact of a change in mangrove area equal the total effect of a change in natural capital on female labor supply to outside employment.
The results reported in Table 3 suggest that for the surveyed mangrovedependent households the dominant impacts of loss of natural capital on the supply of both male and female labor to outside employment arises through indirect own-wage effects. As noted above, both males and females appear to have backward-bending labor supply curves, where higher wages lead to income effects greater than any substitution effects thus resulting in less hours worked. Because mangrove loss leads to a reduction in the wages that females will receive from outside employment, the result is that females will increase the hours that they work. In contrast, mangrove deforestation increases the wages that males receive from casual work, and as a result, they will work less hours in such employment.
Thus, the total effect of a loss in mangrove area is to reduce the supply of male labor to outside employment but to increase the supply by female members. Across the 199 surveyed households, a 1% decline in the local mangrove forests will cause the numbers of hours that males work in outside employment to decline by 0.7% while increasing the number of hours worked by females by 1.88%. Given the large losses in mangrove forests that have occurred in the two case study sites, e.g. each new shrimp farm established in these areas can deforest between 2 to 27 ha of mangroves at a time, such deforestation clearly has had a significant impact on the allocation of household labor in these coastal communities. In particular, an important response of the mangrove-dependent households to such deforestation appears to be to increase the division of labor between male and female members of these households: the supply of labor from female members to outside employment opportunities increases while the supply from males decreases. As indicated in Table 2 , the result is that, for those households whose members participate in some outside work, females will continue to spend more hours in such employment relative to mangrove-dependent activities compared to males.
Case Study: Mangrove Dependency and Participation in Conservation Efforts also test the hypothesis that the degree of mangrove-dependency is a major causative factor in the active participation of households from the four case study villages in conservation efforts. The hypothesis is that, once households realize that as mangrove area declines they will experience impacts on their livelihoods leading to income losses, the households will participate in the replanting of mangroves.
Whether households choose to be involved in mangrove conservation is also likely to vary with the characteristics of the household and its location, land ownership and tenure considerations, awareness of and attitudes to community conservation efforts, including the replanting programs sponsored by non-governmental organizations and some international organizations, and concerns over the threat of the environmental impacts of shrimp farms. In addition, the decision to participate in mangrove conservation may vary between the male and female members of the household. Table 2 , all mangrove-dependent households in the four case study villages allocate some time to replanting activities. However, the average hours per year spent replanting varies considerably across the villages. Males generally spend more time replanting than females.
As indicated in
Barbier et al (2004) depict a mangrove-dependent household's choice whether or not to participate in mangrove conservation as a binary decision, which can be empirically estimated through a bivariate probit estimation for household males and females. The regression results are depicted in Table 4 .
The results show that the male decision to participate is most greatly influenced by household awareness of community conservation efforts and utilization rules, as
shown by the positive coefficient and highest marginal probability. The degree of mangrove-dependent income is the second most important positive influence, with a marginal probability of 0.28. The household's awareness of the environmental impact of shrimp farming is the other significant variable in the male equation. The positive coefficient and marginal probability of 0.13 suggest that males from households that are aware of the negative environmental impact of shrimp farms are more likely to participate in replanting.
For females, the degree of dependence of the household on mangrove-based income is significant at the 10 % level and is the most important variable influencing their participation. Distance to the mangroves from the household is the next most important influence. The negative coefficient suggests that females from households that live increasing distances from the mangroves are less likely to participate in replanting. The area of mangrove utilized by the household is also important in the female decision. The result suggests that females from households that collect and fish in larger mangrove areas are less likely to participate in conservation. This might reflect that the household recognizes that smaller mangrove areas require more replanting effort. The number of children under 6 years of age, as might be expected, also influences the female decision to participate. Finally the household awareness of community conservation and utilization rules positively affects female participation in replanting.
Finally, the variable RHO measures the degree to which a household determines simultaneously, or jointly, whether males and females should participate in mangrove conservation. This variable is positive and significant, suggesting that the participation decision is jointly determined.
Policy Implications
Drawing on a case study of four coastal villages surveyed in Thailand, this paper has shown that continuing mangrove deforestation not only has a significant impact on the allocation of household labor in Thai coastal villages that are traditionally dependent on directly or indirectly exploiting these forests but also affects considerably the intrahousehold division of labor. In response to such deforestation, for those households whose members participate in some outside work, females will continue to allocate more hours in such employment relative to mangrove-dependent activities whereas males will allocate less hours to such work. One might also expect other mangrovedependent households to send their females who do not currently work out looking for outside employment.
There are two concerns arising from this intra-household allocation of labor in response to mangrove deforestation. First, for the households in the case study survey, the average hourly wage received by females ($0.57) is almost half that received by males ($1.11). If the households require income from outside employment to meet overall needs, then they may fall short of their outside income target if the households increasingly rely on female members to participate in such employment. Even if the households do achieve their target through supplying more female labor to outside work, there may be an impact on other non-income activities important to the welfare of the household that are traditionally undertaken by females, such as child rearing, food preparation, care of the elderly and housecleaning. Second, the decline in the number of hours spent by males in outside employment accompanying deforestation presumably means that the males will be more productively employed at the margin in mangrove-based activities. If this is the case, then household income from these activities should increase. However, as noted above, the loss of mangrove area in the four case-study sites have been far from marginal. The large-scale land use changes that have occurred have already led to substantial losses to the local mangrove forests.
Any large, and decidedly non-marginal, losses in the remaining mangrove areas, such as the current threat posed by conversion to commercial shrimp farms, would have devastating consequences for the livelihoods of the mangrove-dependent households.
The current mangrove-based collection and fishing activities conducted by these households would be in danger of collapsing, and the amount of time that males spend in such activities would not increase but be drastically reduced.
Finally, the analysis of the decision by male and female members of mangrovedependent households to participate in replanting activities suggests that awareness of community conservation efforts and of the environmental damages imposed by shrimp farms are powerful motivating forces. The degree of dependence of the household on mangrove-based income is also an important factor. However, participation in replanting by females appears to face additional considerations, such as the distance of the household to mangroves, the number of children under 6 in the household, and the size of the mangrove area.
The insights from the case study analysis of mangrove-dependent households in Thailand suggest two main policy implications. Phang-nga, the local community is very active in the conservation of mangroves. They consider an area of around 60 ha as their own community forest, even though it is legally owned by the state and still faces threat from possible conversion to shrimp farming by outside investors. In the other three surveyed villages, replanting projects were not initiated by the community but by outside non-governmental organizations (NGOs) or the Royal Forestry Department. These villagers are less motivated to participate in these replanting schemes and also have less say in the management of the remaining mangrove forests.
A new institutional framework for coastal mangrove management in Thailand that could make a difference to these and other coastal communities might contain the following features (Barbier and Sathirathai 2004) . First, remaining mangrove areas should be designated into conservation (i.e. preservation) and economic zones. Shrimp farming and other extractive commercial uses (e.g., wood concessions) should be restricted to the economic zones only. However, local communities who depend on the collection of forest and fishery products from mangrove forests should be allowed access to both zones, as long as such harvesting activities are conducted on a sustainable basis. Second, the establishment of community mangrove forests should also occur in both the economic and conservation zones. However, the decision to allow such local management efforts should be based on the capability of communities to effectively enforce their local rules and manage the forest sustainably. Moreover, such community rights should not involve full ownership of the forest but be in the form of user rights. Third, the community mangrove forests should be co-managed by the government and local communities. Such effective co-management will require the active participation of existing coastal community organizations, and will allow the representatives of such organizations to have the right to express opinions and make decisions regarding the management plan and regulations related to the utilization of mangrove resources. Finally, the government must provide technical, educational and financial support for the local community organizations participating in managing the mangrove forests. For example, if only user rights (but not full ownership rights) are granted to local communities, then the latter's access to formal credit markets for initiatives such as investment in mangrove conservation and replanting may be restricted. The government may need to provide special lines of credit to support such community-based activities.
A second policy initiative would be to focus on improvements in education and skills training, especially for females. Of the surveyed households, over two thirds of the households with female members employed in outside work are from the two villages in Nakhon Si Thammarat (see Table 1 .B), where the main source of employment is nearby factories hiring relatively unskilled and young female workers in textiles and other light manufacturing occupations. The very low average female wage rate across all households suggests that outside employment for all females involves little or no skills.
Given the current reliance of mangrove-dependent households on their female members participating in outside employment, and that this reliance will only increase as mangrove deforestation continues, then improved education and skills training for young females in the households may be increasingly important for the future incomeearning potential and welfare of these households.
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Figure 1. Case Study Villages, Thailand
Source: Barbier and Sathirathai (2004) . 
Notes: a/ Hours in outside employment averaged across all households. b/ Ratio of average hours in outside employment to average hours in all mangrove-based activities. c/ Hours in outside employment averaged across households whose members participate in such work. 
